A nutritional study was made of five strains of Bacillus coagulans obtained from various culture collections. These five strains were descendants of two original isolates; three had been derived from one parent culture in years past and the other two were transfers from another parent culture. Therefore, the five cultures should have represented two distinct groups of genetically identical cultures. Three of the strains obtained from one culture collection had become methyl rednegative and sorbitol-negative and had gained abilities to hydrolyze gelatin and ferment arabinose. Nutritional requirements of the five cultures, determined at 37, 45, and 55 C, differed considerably among strains; however, thiamine and biotin were required by all cultures at all temperatures. Aspartic acid was stimulatory at 37 C and was required at 45 C; folic acid, basic amino acids, and certain other nutrilites were required at 55 C. Adenine supplementation was necessary for two strains at 55 C to prevent autolysis; this phenomenon is discussed. The response of these organisms to both serine and the basic amino acids at the three growth temperatures seems especially significant. The media devised for the growth of the five strains of B. coagulans used in this study permit excellent growth at three incubation temperatures.
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Bacillus coagulans Hammer, as described by Smith, Gordon, and Clark (9) , encompasses organisms that share characteristics of mesophilic as well as thermophilic sporeforming rods. The nutrition of B. coagulans has been studied by many investigators (1, 2, 4, 6, 7, 8) Nutritional studies. All cultures were grown for 24 hr on 2% Difco yeast extract-agar (YEA) slants. Cells were washed from the agar surface with physiological saline and were centrifuged on a Servall model SS-1 Supercentrifuge at 34,800 X g for 10 min. After three washings, the cells were suspended in sufficient physiological saline to give 65% transmission at 520 m,u on a Beckman/Spinco model 151 Spectrocolorimeter. A 0.1-ml amount of the washedcell suspension was used for initial inoculation into 10 ml of medium. The initial light transmission of inoculated tubes was 98%.
The basal medium (8) was sterilized by autoclaving at 15 psi for 15 min. All amino acids were autoclaved at 10 psi for 10 min. The vitamins, adenine, and glucose were sterilized by passage through membrane filters (Millipore Corp., Bedford, Mass. Statistical methods. Data collected were subjected to a statistical analysis following the completely randomized design for each series of treatments. The analysis of variance was accomplished by conventional methods, and the treatment means were then subjected to a multiple-range test (5) . Data consisted of the average responses of two replications of each treatment. All calculations were based on these averaged values of percentage of light transmission of cultures.
Chlemicals. All amino acids, vitamins, and the adenine preparation used were obtained from Calbiochem, Los Angeles, Calif. Glucose was purchased from the Mallinkrodt Chemical Works, St. Louis, Mo.
The final concentration of each nutrilite used in these studies was as follows: biotin, 1.0 m,ug/ml; foliC acid, 0.1 ,ug/ml; niacin, 15.0 ,ug/ml; riboflavine, 15.0 ,ug/ml; thiamine, 0.5 ,g/ml; adenine, 10.0 ,ug/ml; L-cysteine, 0.02 mg/mI; L-glutamic, 0.14 mg/ml; glycine, 0.17 mg/mI; L-histidine-HCI, 0.02 mg/ml; DL-isoleucine, 0.40 mg/ml; L-leucine, 0.38 mg/ml; L-lysine-HCI, 0.24 mg/ml; DL-methionine, 0.06 mg/mI; L-proline, 0.11 mg/mI; DL-serine, 0.12 mg/ml; DL-threonine, 0.10 mg/ml; L-tyrosine, 0.03 mg/ml; DL-valine, 0.15 mg/ml; and glucose, 20 mg/ml.
RESULTS AND DISCUSSION
Three strains (1A26, 1A37, and IA71) of B. coagulans used in this study were shown to vary from their original biochemical characterizations (see Table 1 ), e.g., in acquisition of the ability to hydrolyze gelatin and to ferment arabinose and in loss of the ability to give positive methyl red and sorbitol reactions. Strains 1A26, 1A37, and 1A71 grew suboptimally at 18 C as a lower incubation temperature limit, which is another indication of an extreme variation imposed by continuous cultivation. All five strains however, grew in the temperature range of facultative thermophiles, i.e., 30 to 55 C, and all strains complied with the usual morphological and cultural characteristics descriptive of B. coagulans (2) optimal medium for each given strain at each temperature used. The statistical treatment also suggested possible combinations of organic constituents which would successfully support growth of these strains. Over 200 media were tested for their ability to support growth; of these, 15 were found to be excellent for growth of the five strains under study at the temperatures specified.
Any further deletions from the organic constituents listed in Table 2 for each of the final media devised decreased growth significantly, indicating that the organic constituents used in the media are either required or are highly stimulatory. Table 3 shows turbidity readings and the mean reading over six subcultures in final media. Thiamine and biotin were found to be obligate growth requirements for all strains studied, which agrees with the general findings of other workers (4) for this organism. Glucose was satisfactory as the principal carbon source in all test media. Supplements which were found to be ineffective at any temperature included xanthine, PABA, glycine, and isoleucine.
It is of interest to note that the analogous organisms used in this study are very different in their physiological abilities (Table 1) and their nutritional capabilities (Table 2) , and, therefore, presumably in their synthetic capacities.
An autolysis phenomenon was noted in cultures of 1A26 and 1A37 at 55 C. As cultures reached approximately 60% transmission after 8 hr in the test medium, they began autolyzing so that the tubes were substantially reduced in turbidity within 2 additional hr. It was found, however that addition of adenine would stabilize such cultures so that autolysis did not occur. Bacteriophages were not detected in these cultures nor was the autolysis associated with sporulation. Growth and sporulation occurred normally after addition of adenine. This phenomenon will be studied further.
An interesting phenomenon noted during this study was the differing nutritional status of the amino acid serine with the various strains tested. Serine inhibition was seen consistently, particularly with strains which have been present in the laboratory environment for considerable time. This amino acid was found to be nonessential, but not inhibitory, at 37 C for strains 1A26 and 1A37, whereas strain 1A71 was inhibited by it. At 45 C, serine was an obligatory requirement for growth, and could not be replaced by folic acid or glycine, singly or in combination; however, at 55 C serine was inhibitory for these three strains. The uses of serine in the oxidative metabolism of this organism have not as yet been studied. VOL. 94, 1967 Reactions of 1A71 to arginine and histidine at the three temperatures of incubation are different (see Table 2 ). This strain exhibits a requirement for both of these amino acids at 45 C but not at 37 or 55 C. This strain would be well suited for nutritional studies with these amino acids.
It will be recalled that strains 1A26 and 1A37 are analogous to strain 8038, and that 1A71 is analogous to strain 10545, as designated by the ATCC and by the Iowa State University stock culture collection. However, it can be seen both from physiological studies and from nutritional requirements that strains 1A26, 1A37, and lA71 tend to approach a similar pattern; those strains recently obtained from the ATCC also tend to be mutually similar. It is of interest to note changes in nutritional requirements of these organisms as the temperature of incubation is shifted away from the optimum (45 C). The three strains which have been maintained in the laboratory for a period of time have developed increased requirements as the temperature of incubation is increased from the optimum, and show decreased nutritional requirements as the temperature is lowered, whereas the requirements of 10545 and 8038 increase in complexity on either side of the optimum, i.e., intrastrain variation is minimized. These patterns indicate a great diversity between these "groups" of variants of the same isolate, and the extreme interstrain variation imposed by subculturing for a long period of time. Biochemical bases for these changes would, in all probability, be concerned with thermostability of the oxidative enzymes. The final optimal media devised support growth so profuse as to permit essentially 0% transmission after 48 hr of incubation. With these media, cultures approach complete sporulation in 72 hr.
Future work on these strains will include a study designed to gain knowledge of oxidative pathways of these strains and of the characteristics and thermostability of enzymes involved in these pathways. 
